Background: Although percutaneous endoscopic gastrostomy (PEG) is considered simple and effective, major complications have been reported because of the partly blind placement technique. Laparoscopic gastrostomy was described to overcome most of the problems and the contraindications of PEG. Various modifications have been reported to anchor the stomach to the abdominal wall. This study aims at highlighting a single center experience using a simplified technique for gastrostomy and evaluates its outcome. Results: The age of the patients ranged from 7 days to 3 years (mean 11.75 ± 12 months in group A and 16 ± 3 months in group B). The mean body weight at time of gastrostomy was 6.5 ± 4.6 kg in group A and 7.5 ± 2 in group B. The mean operative time was 24.8 ± 4 min in group A and 25 ± 1.6 in group B, ranging from 18 to 31 min. The incidence of gastrostomy-related complications was 20% (three cases) in group A versus 12.5% (one case) among patients included in group B. Yet, this difference was statistically insignificant (p = 0.651). No major complications were reported apart from persistent gastrocutaneous fistula in one out of eight cases followed after removal of the gastrostomy (12.5%). There is no significant difference in the outcome either in neonates or in patients less than 5 kg. Conclusions: The described simple technique of laparoscopic-assisted gastrostomy is easy, effective, and with a very low incidence of complications. It is also equally safe in neonates and children less than 5 kg.
Background
Gastrostomy is a widely performed procedure for several indications in pediatrics [1] . Percutaneous endoscopic gastrostomy (PEG) is simple and effective, and so it is considered the method of choice in many centers [2] . However, many minor and even major complications have been reported after PEG because of the partly blind placement technique [3] . Laparoscopic gastrostomy was described to overcome most of the problems and the contraindications of PEG with the advantages of allowing proper visualization and selection of the gastrostomy site and avoiding visceral injury [4, 5] . Various modifications have been reported to anchor the stomach to the abdominal wall in order to improve the effectiveness and minimize the complications of the procedure [6, 7] . A simplified laparoscopic-assisted gastrostomy procedure was adopted at Pediatric Surgery Department, Mansoura University, since May 2016 in order to perform the gastrostomy procedure simply and safely.
Aim of the work
This study aims at highlighting a single center experience using a simplified laparoscopic-assisted gastrostomy technique with evaluation of its feasibility, outcome, and complications.
Methods
This is a retrospective study conducted at Pediatric Surgery Department, Mansoura University. The study was performed by reviewing patients' medical records during the period from May 2016 to December 2017. All patients that underwent gastrostomy with the simplified laparoscopic-assisted technique were included in the study, whereas all gastrostomies performed by other techniques were excluded.
The study protocol was accepted by Institutional Research Board (R.18.03.108). After informed consent is signed by the legal guardian, the simplified laparoscopicassisted gastrostomy technique was performed as described by Rothenberg (1999) [7] with slight modifications: A 5mm camera port is inserted at the umbilicus, in addition to a 5mm port introduced at the gastrostomy site in the left upper quadrant of the abdomen, between the umbilicus and the costal margin, with flexible modification according to the body configuration of the patient. A grasper is introduced through the trocar to grasp the gastrostomy site which is selected properly under vision (Fig. 1a ). The grasped gastric wall is pulled through the trocar which is removed to allow the gastrostomy site to be exteriorized outside the abdomen via the abdominal incision performed for port introduction (Fig. 1b ). Two stay sutures anchor the anterior gastric wall, and a purse-string suture is inserted in the exposed stomach ( Fig. 1c ). Then, four to eight sutures are taken between the stomach and the anterior rectus sheath or the external oblique aponeurosis to secure fixation of the gastrostomy site to the anterior abdominal wall ( Fig. 1d ). Finally, the stomach is incised at the middle of the purse-string suture to allow introduction of the gastrostomy tube ( Fig. 1e ). All sutures are tied, the balloon of the gastrostomy tube is inflated, and the final view is checked laparoscopically ( Fig. 1f and g).
Twenty-three patients were included in the study and were divided into two groups:
Group A included 15 cases performed gastrostomy alone. Group B included eight cases where gastrostomy is added to fundoplication.
The medical records of all selected cases were reviewed for the age and the body weight at time of operation, the indication for gastrostomy, the operative time, and the complications of the procedure.
Data were analyzed with statistical package for social science (SPSS) version 22 (SPSS Inc., Chicago, Illinois, USA). The normality of data was first tested with Shapiro test. Qualitative data were described using number and percent. Continuous variables were presented as mean ± SD (standard deviation). Student t-test was used to compare two groups with the threshold of significance is fixed at 5% level (p value).
Results
The present study included 23 patients underwent laparoscopic-assisted gastrostomy: 15 of them were males (65.2%) and 8 were females (34.8%). Gastrostomy was performed because of neurological problems in ten cases (43.5%), being the commonest indication for gastrostomy in the current study followed by esophageal atresia representing the indication in 30.4% of cases (Table 1) . Fig. 1 Steps of laparoscopic-assisted gastrostomy: a Grasping the selected gastrostomy site laparoscopically. b The grasped stomach exteriorized after trocar removal and anchored by stay sutures. c A purse-string suture is inserted in the exposed stomach. d Exteriorized gastric wall is fixed to the anterior abdominal wall. e Gastrostomy tube insertion. f Laparoscopic check after gastrostomy insertion. g Final view
The gastrostomy was performed at ages ranged from 7 days to 3 years, with the mean age 11.75 ± 12 months in group A and 16 ± 3 months in group B, with no statistically significant difference between both groups (p = 0.34). The procedure was performed in the neonatal period in seven cases (30.4% of all cases). The body weight at the time of the operation ranged from 1.8 to 14 kg with the mean body weight 6.5 ± 4.6 kg in group A and 7.5 ± 2 in group B. On comparing both groups, there was no statistically significant difference regarding body weight (p = 0.585), and nine cases were less than 5 kg at time of performing the gastrostomy (39.1% of all cases).
Gastrostomy was performed alone in 15 cases (65.2%) (group A) and with fundoplication in 8 cases (34.8%) (group B). The operative time needed to complete the procedure ranged from 18 to 31 min, and the mean was 24.8 ± 4 min in group A and 25 ± 1.6 in group B where the time needed for fundoplication was omitted. There was no significant difference between both groups (p = 0.893).
Follow-up period ranged from 3 to 12 months with the mean follow-up period 6.3 ± 3 months in group A and 5.3 ± 2 in group B (p = 0.424). The incidence of gastrostomy-related complications was 20% (three cases) in group A versus 12.5% (one case) among patients included in group B. Yet, this difference was statistically insignificant (p = 0.651). There were no reported complications related to fundoplication in group B.
Most of the reported complications were minor complications that were managed without further surgical interventions. In group B, the single reported complication was infection around the gastrostomy site with granuloma formation, which was managed by local antibiotics with a barrier cream. Similarly in group A, one case was complicated by granuloma; however, this case was later on complained from leakage of the gastric contents around the gastrostomy tube, and this was managed by switching to a smaller tube to give the chance for the stoma to shrink, and then a tube of the same previously introduced diameter was reintroduced. Tube dislodgment was reported in one case in group A, but fortunately another tube was reintroduced rapidly without further complications. Moreover, persistent gastrocutaneous fistula that will need surgical closure was reported in another case. By considering that eight cases only underwent gastrostomy tube removal and properly followed up for more than 2 months, so the incidence of persistent gastrocutaneous fistula after removal of the gastrostomy tube was 12.5% in this small case series. However, a longer follow-up period and a larger number of cases are needed to achieve more accurate incidence of such complication.
There was no significant difference in the outcome of the simplified laparoscopic-assisted gastrostomy in the cases that were operated at age of 1 month or less and those that were operated at older age. The mean operative time was 26.43 ± 3.36 min in the neonatal group versus 24.19 ± 3.1 min in the older group (p = 0.09), and only one minor complication was reported in the neonatal group (14.3%) versus three cases with complications in the older group (18.8%). Moreover, by considering the body weight at the time of the procedure, the mean operative time was 26.22 ± 3 min in patients who were 5 kg or less and was 24 ± 0.86 min in patients who were over 5 kg (p = 0.54). The incidence of complications was 11.1% in the group with lower body weight, while it was 21.4% in the other group (Fig. 2 ).
Discussion
Among several indications of gastrostomy in children, chronic neurological problems causing feeding difficulties represent the most common indication with incidences ranging from 40 to 75% [8] [9] [10] . Similarly, neurological abnormalities (mainly cerebral palsy) were the indication of gastrostomy in 43.5% of the cases included in the present study. The mean age at the time of the procedure was 11.75 ± 12 months in group A and 16 ± 3 months in group B, which are younger than the mean ages reported by most of the other studies ranging from 2 to 4.5 years [10, 11] . This is may be due to the large number of gastrostomies performed for cases of esophageal atresia at neonatal period in this study.
Using a minimally invasive approach became the standard practice in performing gastrostomy in children. PEG gained wide popularity with the advantages of being performed with minimal anesthesia and followed by rapid recovery and short hospital stays [2] . Yet, major complications and even procedure-related mortality were reported after PEG [8, 12] . So, the laparoscopic approach is aiming to combine the simplicity of PEG with the safety of the open approach. Laparoscopy allows ideal visualization and proper selection of the gastrostomy site, but the details about the method of introduction of the gastrostomy device vary widely, following either an intracorporeal Seldinger technique or an extracorporeal insertion approach [13] . In the present study, a simplified laparoscopic-assisted extracorporeal approach is evaluated for its safety and effectiveness. [14] . This is because they performed the two purse-string sutures completely intracorporeal.
Previous meta-analysis concluded that laparoscopic approach is safer than PEG because of its clear visualization that prevent bowel injury, and it also allows immediate detection and correction of any major complications [15] . In the present study, complications were reported in four cases (17.4%): three of them were minor complications (13%) whereas major complications were reported only in one case (4.3%). This overall complication rate is within the reported rates ranging from 3 to 60% [2, 16, 17] . This wide range is due to the wide variability in the gastrostomy techniques and the different considerations of the minor complications. Kim et al. (2017) compared the outcome after endoscopic, laparoscopic, and open gastrostomy, and they found no significant difference between different techniques. They reported minor complications in 46.8% of cases performed laparoscopic gastrostomy with Seldinger technique and major complications in 8.9% [2] . This complication rate is much higher than that reported in the present study. We believe that the simplified extracorporeal approach used in this study had a role in preventing major complications. This is supported by the 0% incidence of major complications reported by others performing similar extracorporeal technique [7, 17] .
Persistent gastrocutaneous fistula is considered a major complication by some authors and was reported with an incidence up to 60% after surgically inserted gastrostomy whether open or laparoscopic, and this was statistically significant when compared with the endoscopic insertion group [2] . The incidence of this complication was 12.5% in the present study, but many gastrostomies were not removed yet, so longer follow-up is required.
In the present study, the complication rate was even lower in patients performed gastrostomy with fundoplication (group B) with no significant difference when compared with cases performed gastrostomy alone (group A) (p = 0.6). Although Acroyd et al. (2011) reported higher incidence of complications in the fundoplication group (19.4%) in comparison with children who underwent gastrostomy alone (15.3%), yet this difference was not statistically significant (p = 0.1) [15] . Moreover, in the current study, laparoscopic-assisted gastrostomy was found safe with comparable outcome among neonates and children less than 5 kg.
Finally, we admit the limitations of this study regarding the retrospective study design, the small number of cases, and the short follow-up period. So, further prospective studies are recommended bases on our initial results.
Conclusion
The simplified laparoscopic-assisted gastrostomy technique is easy to perform, with a very low incidence of complications. The extracorporeal laparoscopic-assisted approach increased the safety and the simplicity of the procedure and ensure proper fixation of the stomach to the abdominal wall. Moreover, this technique seemed to be equally safe in neonates and infants less than 5 kg.
Abbreviations PEG: Percutaneous endoscopic gastrostomy; SPSS: Statistical package for social science
